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(54) FLAVOURING FOOD PRODUCTS 

(71) t We, UNILEVER LIMITED, a company organised under the laws of 
Great Britain, of Unilever House, Blackfriars, London E/C 4, England, do- hereby 
declare the invention for which we pray that a patent may be granted to us and the 
method by which it is to be performed, to be particularly described in and by the 
following statement : — 5 
^ The invention relates to flavoured food products and processes for their prepara- ^ 
tion. In particular it relates to food products containing certain precursors of flavour- 
ing agents having a thiol group which can be represented by the general formula 
R 1 — SH, in which R 1 represents an optionally substituted alkyl, aryl or heterocyclic 
radical. 

By precursors of flavouring agents are to be understood compounds which yield 
the flavouring agents when the food products at issue are being manufactured, stored 
or prepared for consumption. In the present case, preferably the last possibility is 
aimed at 

Many classes of flavouring agents having a thiol group in their molecule are 15 
known. Examples are the alkanethiols such as methanethiol, ethanethiol, 1-propane- 
thiol, and butanethiols, substituted alkanethiols such as l-hydroxypropane-3-thioI, (2- 
furyp-methanethioL, aromatic thiols such as benzenethiol, 2-hydroxymiophenol and 
methylbenzenethiols. Alkyltbioalkanethiols, such as 1-methylthioethanethiol, 1-methyl- 
thiopropanethiol, 1-ethylthioethanethiol and 1-ethylthiopropanethiol, have been dis- 20 
closed in Tetrahedron Letters, pp. 2321—2322, Pergamon Press, 197L 

Heterocyclic mercapto compounds, nwe particularly those having a furane or 
thiophene structure, such as e.g. 2,5-dimethylfuran-3-thiol, 2,5-dimediyl-4,5-dihydro- 
furan-3-thiol, 2-methyltetrahydrofuran-3 -thiol, have been disclosed in U.K. Patent 
Specification 1,283,912 25 

^ The flavouring agents containing a mercapto group have suitable flavours for 
various applications. However, they suffer sometimes from instability; they may con- 
vert into compounds with no or undesirable flavouring properties. These thiols may 
e.g. oxidise to disulphides, having different flavours, if at all, which may occur dur- 
ing processing, storage or preparation. These and e.g. losses due to vaporisation of 30 
flavour compounds may necessitate the incorporation of relatively high initial quantities 
of the desired flavouring thiols in the food products in order to have the correct 
amount available in the foodstuff which is ready for consumption. 

According to the present invention certain thiols are applied in the form of a 
precursor, which releases the flavouring compound at a desired rate, thus avoiding 35 
high initial quantities, which is undesirable in the products leaving the factory and 
more economical as regards the use of flavouring material. It is not necessary that 
the precursor is converted quantitatively into the thiol flavouring compound but 
a high conversion is desirable. However, the precursor should not possess interfering 
flavouring properties. 40 

It has now been found that foodstuffs with improved flavour properties can be 
obtained by incorporation of a flavouring quantity of a diester of monothiocarbonic 
acid containing radicals characteristic of a flavouring thiol, a secondary or tertiary 
alcohol and monothiocarbonic acid in the food product. 

Thiol precursors incorporated according to the present invention can be repre- 45 
sented by the general formula 
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R 1 — S — CO— O — R 2 



1*^ * . re P rc saus an optionally substituted alkyl, homo or heterocyclic radical, 
Tw„ r£ I 3 '" 5 1-10 carb °V toms ^d not more than two hetero atoms. Prefer- 
5 a- * om \ aK &o s '* among oxygen and sulphur. The alkyl, aryl or 

heterocj-chc rachcal preferably contains from 3-7 carbon sJtoms and not more than 
one netero atom. 

„it«i, Ub ^ entS , cf , the alkyI ' aryl cr hete ">cyclic radical may be C.-Q alkyl or 
alkoxy-, hydroxyl- keto- oxygen or similar sulphur-containing groups. 

10 h«i P T , Ia ? y . K l r may re P«= sent ™ optionally substituted alkyl, aryl or 
10 heterocyclic radical derived from a thiol as described above 

^J,?^ 0 ", m wnid \ R \ represents a heterocyclic structure as in the following 
general formulae are preferably incorporated in foodstuffs according to the pr2 



Z 7 2 

fft—CH CH—R 4 RS—CH C — R*-C CH- R* 

II I 11 II I 

Y=C — CH— Y=C—C— CH^CH — 



3 A < 

15 R 3 -C C-R* 

II II 

CH — C — 



fom«!k 0ther Sr ° UP ° f PPCferred P reairsors are th ^ in which Ri satisfies the general 



R' — S — CH — 

i 

R« 



45 Se^for " *«* -ban atoms, i.e. a 

In this case R 1 may represent a radical detWH f^™ — ^ ^ r_« . 

thioalkanethiols such as * w ' v " A IUC iamwin B ai«yi- 



10 



15 



in which Z is an oxygen or a sulphur atom, Y represents two hydrogen atoms an 
oxygen atom or a sulphur atom, and R* and R*\epre£nt hydrogenT^all?! Sup" 
wruch groups contain 1-4, preferably 1-2 carbon atoms tofether. * P 

from whirh'rhr^cf charactcristic fo ' following thiol or mercapto compounds 

4-mercapto-5-metliyl-tetrahydrofuran-3-one 
4-mercapto-+2 3 5-dimethyl-tetrahydrofuran-3-one 
3- mercapto-2-methyl-tetrahydrofuran (c\s and trans^ 
-£> |-mercapto-5-metliyl.tetrahydrofuran (cis and trans) 2 S 

3-mercapto-5-methyl-tetrahydrcthiophene (cis and trans^ 
3-mercapto-2 3 5-dimethyl-tetrahydrothiophene 

3- mercapTo-2-ethyl-5-methvl-tetrahydrothiophene 

4- mercapto-5-methyl-2 3 3-djhvdrouiiophene-3-one 

*° 4-mercapto-2 3 5-dimethyl.2 a 3-dihydrofuran-3.one on 

3-mesrcapto-2-methyi-4 J 5-dihvdrofiiran 

3-mercapto-2,5-dimethyl-4,5-dihydrofuran 

3-mercapto-2.methyl-2 3 3-dihydrothiophene 

3-mercapto-2,5-di m ethyl-2,3-dihydrothiophene 

3-mercapto-2 3 5-dimethyl-2,3-dihydrofuran 

3-mercapto-5-ethyl^2 3 3-dihydrothiophene 

3-mercapto-2,5-dimethylfuran 

3-mercapto-2-methylfuran 

3-mercapto-5-methylfuran 
40 3-mercapto-2-ethylfuran 
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1-methylthioethanethiol 
1-methylthiopropanethiol 
1-ethylthioethanethiol and 
1-etbylthiopropanethiol 

5 R 3 represents a secondary or tertiary hydrocarbyl group containing 3 — 20 carbon 

atoms attached to the oxygen with the secondary or tertiary carbon atom. 

R 2 preferably represents an alkyl group containing 3 — 8 carbon atoms, prefer- 
ably a tertiary one. 

Examples of the group R~ are 2-alkyl groups such as the isopropyl and secondary 
10 butyl groups, 1,1-dimethyl-alkyl groups such as the tertiary butyl, tertiary amyl and 
tertiary hexyl group. 

The diesters of monothiocarbonic acid, which are applied to impart or improve 
the flavours of foodstuffs according to the present invention, can be incorporated in 
the foodstuff by addition to the ingredients' or the mixture before, during or after 
the actual manufacture. The conditions prevailing during the manufacture determine 
the best moment of addition. 

The quantity of the diester incorporated in the foodstuff will vary from one 
foodstuff to another and may also be dependent on the actual moment of addition 
such as to haye a suitable quantity of the flavouring thiol in the foodstuff when ready 
20 for consumption. Usually quantities of diesters ranging from 1 X 10>" — 1 X 1Q- 3 , pre- 
ferably 1X10-*-— 1X10- 7 by weight are incorporated. 

It is known in the art to decompose certain esters of monothiocarbonic add by 
pyrolysis, (the so-called Chugaev reaction). The conditions under which this Chugaev 
reaction takes place differ very much from the conditions under which the foods are 
25 prepared for consumption; for example, the temperatures applied in the Chugaev 25 
reaction are 200— 300°C, and other products are formed, such as alkenes. There is 
evidence that the mechanism of the reaction taking place in the food at appreciably 
lower temperatures is different, 

In the foodstuff, in the presence of water usually at a pH between 3 and 7, and 
30 moderate heating, i.e. between 70— 15C°C, usually at about 10O°C, it is likely that 30 
the following overall reaction takes place: 

R 1 — S — CO — O — R^-f-HaO-^R 1 — SHH-HOR 2 -f C0 3 

According to the present invention such esters of the flavouring thiols R*SH 
are selected, viz, the monothiocarbenic acid esters, which have a satisfactory rate of 

35 hydrolysis in the food, yielding the flavouring agent in an adequate amount when 35 
the food is prepared for consumption the ester itself not contributing in an interfer- 
ing manner to the flavour and not being so volatile that too much escapes from the 
food during preparation and storage. 

The precursor esters can be prepared by methods known in the art. Two generally 

40 applicable methods are outlined below. In the first chloroformic acid esters of the 
flavouring thiols can be made to react with the alcohols HOR 2 in the presence of a 
base such as pyridine, or with an alkali metal alcoholate derived from that alcohol, 
e.g.: 



40 



R 1 — S — COCl -f KOR-^R 1 — S — CO — O — R 2 + KCL 

45 The starting chloroformate can be prepared by the reaction of phosgene and the 45 

flavouring thiol, or a salt thereof: 

COCl, 4- R 1 SK-^S — COC14- KC1 

r The second route is to make the compound R l X, in which X represents a 
suitable halogeno atom, to react with an S-alkali metal salt e.g. the potassium salt 
50 of the thiocarbomc acid monoester of the alcohol HOR 2 , for instance 50 

R^l -f KS — CO — O — R 2 -AR 1 — S — CO — O — R 2 +KC1 

The starting K-salts can be prepared by the reaction of carbonyl sulphide and the 
potassium alcoholate derived from the alcohol HO— R 2 : 

KOR- + COS->K — S — CO — O — R- 



WEST 



1,379,019 



Although both synthetic routes arc applicable for the preparation of most di- 
ester precursors icr certain diestcrs one of the two possibilities can be used from a 
ferad F ° mt 01 V1CW " a fCW exce ? tional cases * Ul other synthetic routes are pre- 

5 ™ 7^ f °° d<! } a ^ hich ^ P rccursor * (latent flavouring agents) have been incor- 5 
porated are preferably to be heated before they are ready for consumption. Food- 
studs according to- the invention in which an ester of monoihiocarbonic acid has been 
incorporated arc, for instance, dry, canned and frozen scups, ready meals, croquettes, 
sauce cubes, bouillon cubes, baking fats, margarine, bread, cakes, products sLuIat- 
rol^ 1C p^nl V ; F *' "2*? dU u ks wh t ich . arc P re P arcd with hot water, such as instant 10 
~ I ui T f ults have beci1 obtained with meat-simulating products based on 
vegetable protein, known as t.v.p. or mesophase products. The esters can be incor- 
porated as such or dissolved or dispersed in a carrier, such as a fat, or enrobed with 

15 r^r d ^ tnns gd f n ' 8™™^ ™y «n be mixed with the fboTSSK 

T$L? °V niX£d With 01ie of **«dfcms. The amounts incorporated 15 

depend cn the kind and wanted amount of thiol flavouring agent, the conditions of 
he manufacture of the food product and of the preparation of the food for consump- 
tive \u th * teni ? er ^ ure . snd besting period and also on the composition of 
tn. food; the amount to be incorporated can easily be determined experimentally 
M The compounds incorporated in foodstuffs according to the invention may be 20 

used in conjunction with other substances useful for the required purpose. Thus it is 
P use /i nc °f ™k of the compounds belonging to one or more of the classes 
listed below, although the choice is not restricted to these compounds. Preferably at 

25 1?? ™* cc ™ p0Und 0t S^P* a ) ™ d b) wgether with at least one compound 

25 of each cf the groups, c) a d) and c) are present: ^ 25 

a) amino acids, which can be obtained by any traditional process from vegetable or 

animal proteins, such as gluten, casein, zein, soya protein etc.; 
d> peptides of similar origin, as well as peptides such as alanylalanine, alanylphcnyl- 
alanine, alanylasparagine, carnosine and anserine; 
w c) nucleotides such as adenosine, guanosine, Inosine, xanthosine, uridine and cyti- 30 
dine 5 -monophosphates, as well as their amides, deoxv derivatives, salts, etc.: 
a> monocarboxyhc acids, such as saturated or unsaturated fatty acids, for example 
those with 2 to 12 carbon atoms, lactic add, glycollic acid and £-hydroxybutyric 
« , aad as well as du^rboxylic acids such as succinic acid and glutaric acid: 

u e) pyrrohdonecarboxylic acid and its precursors; 35 
f) natural sweeteners such as mono- and disaccharides, and artificial sweeteners such 
as saccharin, cyclamates; and dipeptide esters such as L-aspartyl-L-phenylalanine 
methyl ester; r J 

Aa g ^ 1^' dr ^>*^ and 4 - hydroxy - 2,5 - dimethyl- 

40 2,3 - dihydrofuran - 3 - one; * 40 

h) products from the reaction of sulphur-containing amino acids or hydrogen sul- 
phide with reducing sugars or ascorbic acid, or the compounds mentioned under 
(g; or lower aliphatic aldehvdes and ketones; 

1) sulphur compounds such as sulphides and disulfides, for example, dimethyl 
4 * „ sulphide and diallyl sulphide; also 2-acctvlthiazole and 2-acetyl-2-thiazoline; * 45 

I) guanidines, such as creatine and creatinine; 

k) salts such as sodium chloride and mono- and disodium and ammonium phos- 
phates; r 

1) organic phosphates, such as amino acids containing phosphorus; 
50 m) nitrogen compounds which have not been mentioned above, such as ammonia 
amines, urea, indole and skatole; 

n) 4- and 5-alfcanolides as well as the esters and salts of the corresponding hydroxy 
aads such as 5-decanolide, 5-dodecanolide, sodium 5-hydroxydecanoate and the 
glyeendes of 5-hydroxvaikanoic acids, &uch as the produa from the reaction 
55 ^ of 5-alkanohdcs with glycerol; 

o) aldehydes such ao ethanal, propanal, 4-heptenal; etc. 

p) ketones, such as methyl ketones with, for example, 5 to 15 carbon atoms, biacetvl, 
etc; J 3 

q) esters of 3-oxcalkanoic acids, such as the glvcetol esters; 
60 r) tncholominic and ibotenic acid and their salts; 

s) flavouring compounds such as O-aminoacetophenone, N-acctonylpyrroIe, maltoJ, 
tsomaltol, ethylmaltol, vanillin, ethylvanillin, cvclotene '2-hydroxy-3-methvI-2- 
— x-un C;j cuiuiic Li-vF-metnoxypnenyi;-i-pentene-3-one], coumarin, 
etho^methylcoumann, etc.; 5 



50 
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t) alcohols, such as ethanol and octanol; 

u) colourants, such as turmeric and caramel; 

v) thickeners, such as gelatin and starch; 

w) cmulsifiers, such as diacetyltartaric acid esters of fatty acid monoglycerides. 

5 The quantity of these substances used depends on the nature of the food and 5 

that of the other ingredients added, such as herbs and spices, as well as on the odour 
or flavour desired. 

The substances listed above may be incorporated with the flavouring agents 
according to the invention with the aid of maltose-dextrin, gelatin, gum arabic, or fat. 
10 The invention will now be illustrated by the following experiments. 10 

Experiment 1 

The compound O-isopropyl S-[l-methylthioethyl]thio carbonate was prepared as 
follows : 

In a two-necked round bottomed flask equipped with a gas introducing tube and 

15 a condenser, gaseous carbonyl sulphide (6 g or 0.1 mole) was introduced into a sus- 15 
pension of potassium isopropoxide (9.9 g or 0.1 mole) in diethyl ether (60 ml). The 
reaction mixture refluxed by the reaction heat. After the addition of carbonyl sulphide 
was completed, the mixture was cooled and the precipitate was collected by filtration 
and suspended in dichloromethane (100 ml). The suspension was cooled to 0°C and 

20 while stirring, 1-methylthio-l-chloroethane (11.0 g or 0.1 mole, prepared according 20 
to H. Bohme and H. Bender, Chem. Ber. 89 (1956) pages 1464 — 1468) was added 
dropwise in 30 min. The mixture was then kept overnight at 0°C and filtered. The 
filtrate was dried over anhydrous magnesium sulphate. The solvent was evaporated 
off at 30°C and 10 mm Hg. Fractional distillation of the residue yielded 11.0 g 

25 (57%) O-isopropyl S-[l-methylthioethyllthiocarbonate, b.p. 62 — 64°C at 0.1 mm 25 
Hg. n p 20 =1.4914. Infrared absorptions (liquid film) were at 2980, 2939, 2920, 2878, 
2862, 2828, 1708, 1700, 1465, 1444, 1436, 1422, 1384, 1373, 1340, 1330, 1230, 
1155, 1095, 1055, 974, 951, 911, 847, 810, 728, 697, 673, 520 and 510 cm- 1 . The 
NMR spectrum (in CC1 4 internal standard Si (CH 3 X) had signals at 8 = 1,25 (doublet), 

30 2=1.62 (doublet), 8=2.14 (singlet), 8=4.32 (quadruplet) and 5-5.01 ppm (septet). 30 

Experiment 2 

The compound O-tert.butyl S-[l-methylthioethyI]thiocarbonate was- prepared as 
follows : 

Gaseous carbonyl sulphide (6 g or 0.1 mole) was introduced into a two-necked 

35 round bottomed flask containing solid potassium tertiary-butoxide (11.2 g or 0.1 35 
mole). The flask was fitted with a tube for the introduction' of the gas and with- a 
cold-finger condenser (at — 80°C). The gas introduced condensed on the condenser 
and dropped from it directly on the potassium tertiary-butoxide. The temperature of 
the reaction mixture rose rapidly to 60° C. 

40 After the required amount of carbonyl sulphide had been introduced* the con- 40 

tents of the flask were cooled to 0°C and acetone (100 ml) was added. The intro- 
duction tube was replaced by a stirrer and the cold-finger condenser by a dropping 
funnel, through which 1-methylthio-l-chloroethane (11.0 g or 0.1 mole) was added 
to the stirred suspension of S -potassium O-tertiary-butyl thiocarbonate at 0°C. After 

45 the addition was complete, the mixture was stirred for another 1.5 hours at 0°C. 45 
The suspension was filtered and the solvent evaporated from the filtrate at 20°C and 
1 mm Hg. Fractional distillation of the reaction product yielded 14.8 g (70%) O- 
tertiary-butyl S- [methylthicethyl] thiocarbonate, b.p. 68°C at 0.55 mm Hg. 
nv 20 —1.4875. The mass spectrum had a parent peak at m/e 208, a base peak at m/e 

5Q 41, and further principal peaks at m/e 152, 151, 108, 75, 74, 60, 59, 56, 47, 45 50 
and 39. 

Infrared absorptions (solvent CCI 4 ) were at 3000, 2982, 2930, 2875, 2839, 1719, 
1702, 1483, 1466, 1453, 1443, 1430, 1399, 1374, 1254, 1207, 1140, 1130, 1090, 
1060, 1040, 957, 858, 840, 740, 730, 700, 679 and 670 cm- 1 . 
55 The NMR spectrum (in tetrachloromethane with tetramethylsilane as an internal 55 

standard) had signals at 8=1.54 (singlet), 3=1,67 (doublet), 8=2.22 (singlet), and 
8=4.30 ppm (quadruplet). 

Experiment 3 

The compound 0-[2-(2-methylpentylJ S-[l-methylthioethyl] thiocarbonate was 
60 prepared as follows: 60 
2-Methyl-2-pentanol (2.2 g or 0.022 mole) was added to a suspension of 0.8 g 
sodium hydride in a mineral oil (concentration 60%>: the mixture was heated until 
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™ ™S tain rh?T!^ ClUC " ' ffic H 0romethane > b >' which deS^duct 5 

, _ Experiment 4 1C 

m fo5^sf° mPaUnd °- tertbut >' 1 S-[l-(l-ethyIthioethyl)Ithiocarbo„ate was prepared 5 

0 c ~, , A Experiment 5 

lew. CM =«»5-"»U1 S-l-batyl thtartmi. was p,^*, „ w . « 
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™ ^ A „ Experiment 6 

=s Ww"™'" °"[2-<2-n».hrl patJ-CI-JM-tatjl aioca*,™ was p, epm d 

described in Exocriment 3^ in irej-mi** irn «,r t-u * ie *. P r£ P ared as 

n^C^uS- y!p2my ' )] S - 1 - bmvl b.p. 63-65°C at oT™ i"h| 

50 1369, In S d 'SIS: SK^^ 960 ' 293 °' 287 °' ^ 1465 ' 1457 > 

sr» as sanas a»^^ 

cc , ^ Experiment 7 

trum (in tetrachloromcthane with mr^thvi ;Lr ™ m . 5*; T hc N MR-spec 60 

... — iW Ma uu ,n lciTiaj standard) had 
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signals at 5=0.92 (triplet) 3 = 1.1—1.8 (multiplet), 8=1.42 (singlet) and S=2.72 
(triplet). 

Experiment 8 

The compound O-tertiary-butyl S-2-butyl thiocarbonate was prepared as fol- 
5 lows : 5 
To a solution of 2-bromobutanc (3.45 g or 0.025 mole) in acetone {50 ml) was 
added S-potassium O-tertiary-butyl thiocarbonate (6.5 g or 0.04 mole). The mixture 
was refluxed for 1 hour, after which most of the solvent was evaporated at 30°C 
and 10 mm Hg. To the remaining slurry water (50 ml) was added. The resulting 
10 mixture was extracted with 2 portions of 50 ml'pentane each. The extracts were 10 
dried with anhydrous magnesium sulphate. The solvent was evaporated at 50°C and 
10 mm Hg, yielding 2.1 g (44%) O-tertiary-butyl S-secondary-butyl thiocarbonate. 
Infrared absorptions (liquid film) were at 3000, 2978, 2963, 2926, 2900, 2874, 1715, 
1699, 1474, 1453, 1391, 1377, 1367, 1248, 1197, 1120, 1072, 1058, 1034, 1012, 
15 995, 950, 854, 838, 792, 738, 672 and 540 cm- 1 . The NMR-spectrum (solvent CC1„ 15 
internal standard Si(CH;i) 4 ) had signals at 8=0.95 (triplet), S=1.28 (doublet), 8=1.43 
(singlet), 8 = 1.4—2.0 (multiplet and 3=3.2 ppm (multiplet). 

Experiment 9 

The compound O-tertiary-butyl S-furfuryl thiocarbonate was prepared as fol- 
20 lows: 20 
To a suspension of S-potassium O-tertiary-butyi thiocarbonate (15.48 g or 0.09 
mole) in 150 ml of acetone was added furfurylchloride [10.5 g or 0.09 mole, prepared 
according to a method described by \V. R. Kirner; J. Amer. Chem. Soc. 50 1955 
(1928)]. The reaction mixture was stirred and refluxed for 45 minutes. After filtra- 
25 tion and evaporation of the solvent at 30° C and 10 mm Hg the remaining oil {145 25 
g) was distilled yielding 10.95 g f57%) of O-tertiary-butyl S-furfurylthiocarbonate 
b.p. 115—119° at 9 mm Hg; n L] =°=1.4960. 

The mass spectrum had a parent peak at m/e 214 and further principal peaks 
at m/e 41, 53, 57, 81, 137 and 158. 
30 The NMR-spectrum (solvent CC1,, internal standard S^CH^) had signals at 30 

S=1.45 (singlet), 8=3.97 (doublet), S = 6.20 (multiplet) and 2=7.26 ppm (multiplet). 

Experiment 10 

The compound O-tertiary-butyl S-(3-hydroxypropyl)thiocarbonate was prepared 
as follows: 

35 To a suspension of S-potassium O-tertiary-butyl thiocarbonate (10.32 g or 0.06 35 

mole) in 100 mi of acetone was added 3-chloro propanol (8.5 g or 0.09 mole). The 
reaction mixture was stirred and refluxed for 2.5 hours. After filtration and evapora- 
tion of the solvent at 30 C C and 10 mm Hg the remaining oil (10.58 g) was distilled 

1*1 £o 5 * ?6 n g , ' 50% . T of °- tertia ry-Wl S-(3-hydroxy propyl) thiocarbonate b.p. 
40 93°— 95° at 0.3 mm Hg; n D 2U =1.4783. 40 
The NMR-spectrum (solvent CCl i9 internal standard Si(CHA) had signals at 
5 = 1.43 (singlet), 8 = 1.82 (quartet), 3=2,83 (triplet), S=3.26 (singlet) and 8=3.58 
ppm (triplet). \ *■ / 

Experiment 11 

45 lows The CCmp0Und °- teniarv - but yl S-phenyl thiocarbonate was prepared as fol- 45 

Phenylthiocarbonyl chloride [17.7 g or 0.102 mole, prepared according to a 
method described by M. H. Rivier; Bull Soc Chim. [4] 1 733 (1907)1 was added 
to a pre-cooled (- 20°C) suspension of 11.9 g (0.106 mole) of potassium tertiary- 
50 outoxide in 150 ml of tetrahydrofuran. The reaction mixture was stirred at room tem- 50 
perature for 1 hour. After filtration and evaporation of the solvent at 30°C and 10 
mm Hg, the remaining oil was distilled yielding 5.0 g of O-tertiary-butyl S-phenvl 
thiocarbonate, b.p. 97—100° at 1.0 mm Hg. 

« 3 1 A ,?ffS$l distillation was needed to obtain the pure product; yield 

55 3.1 g (14.3%); b.p. 70—74° 0.2 mm Hg n,> £0 = 1.5280. 55 
The NAiR-spectrum (solvent CC1,, internal standard Si(CH 3 ) t ) had signals at 
8=1.45 (singlet) and 8=7.2—7.5 ppm (multiplet). 

Experiment 12 

The compound O-tertiary-butyl S-[3-(2-methyltetrahydrofuryl)] thiocarbonate 
60 was prepared as follows: 



3-Chloro-2-methyltetrahydrofuran (4.8 g or 0.C4 mole; prepared according to a 
method described by L. Crombie and S. H. Haroer. T> F h e £^ io?n g JZ* 



60 
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a& ? to a suspension of S-potassium O-tertiary-butyl thiocarbonate 

?m li t? S " 0, £ WKd.w described in Experiment 2) in dimethylformamide 

^ater (200 nil) was added and the resulting turbid mixture was extracted with 3 

L°Inhate Th-° f/?""* ^ ^ «ed with anhydrous SgEtJ 5 

sulphate. The solvent was evaporated at 30^C and 10 mm Hg, yielding 1 2 % of an 

fi£ b> ' S3S <^™§»l*y over a 300X0.4 cm all glass column packed with 1 
toH&rS? ^ W V th ,^> S ^ icone ^ the temperature beinfp^aCed 
Sk i 218 a bJ^t 4 t^V^ The mass spectrun? l<& parent i0 
74 -n ?/ « i< P f ^i at T m / C 5 i 3114 further P fin ^P^ P^ks at m/e 85, 84, 

10 & i 3 ^?^ 1 ^ ffi "2ll 4 % £ 9 . 2 ' . 1380 > 1368, 12k 1196, 1128; 




« A , L EXAMPLES 1—14 

55 A dry soup base was prepared from the following ingredients: 



vegetable fat 



15 



™. , Experiment 13 

bona^varSSd S-t^aS-dtacthyU^dihydrof^l)] thiocar- 

3-pioro-2,5-dimethyI-2-hyi-ox\letrahydrofuran (150 me or 0.001 mole- nre- on 
pared by hydrops of the chlorinaticn product of 2icetyl.4>e^^i^^ 
prepared according to E. R. Buchman, J. Am. Chem. Sol 58 !(193$7p a ga > 180 3 f 
11/ n m? dde 1 ?° a SUS P™ ^ S-potassium O-tertiary-butvl thiiartonate f260 
m~fSC?T ( }° mr " The , mi ^ -as allowed to ,3ZS 
t^perarure for 1 hour; the solvent was then evaporated at 30°C and 10 mm He 2S 
^ater (25 ml) was added to the residue and the resulting mixture enracte^withl 

° f P f ntane each - Thc cxtract ™ s dried WSSSroS^ 

sulphate and the solvent was evaporated at 30*C and 10 mm Hg™The K?n 

tt£j^A>szsT5$i ? assess? , 

ThIVm*' 133 °' 12 ^ 5 ', ,226 ' 1197 ' 1122 > 1023795^ 920; 897 a'Ju38 

Experiment 14 

iff rn? / e T VCd Stirling WaS COntinUed for hours at w^tSSSf 
£™ ™ yCr £e P arated > dried ^ er anhydrous sodium sulphate Td lfter jk 
S5S „„ eva P° rated t0 dr 3™*s at 30°C and 10 mm Hg. The residue w« 5 
teSvttan V* TT Si ° a ° f * 61 , 6 ° f P 0tassium ^rtiarj^butoxide in 50 ml ol 
Td mZriZ ^ mUrC "** EtoEd and «H"«d for half an hour. After cooling 

9?a 5 a oil Thl St* cva P oratedt «> dryness at 30°C and 10 mm Hg kTvnf 
i-il 4970 «™P°™d was isolated by preparative gas chromatography? 50 

at JASuTlTsS^ni ^ &t 228 ^ > rinC * aI P e *s 



55 



50 g 

raonosodium glutamate 10 g 

casein hydrolvsate 20 % 

herbs and sp:ces 4.6 J 60 

60 g 
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Samples of 10 mg of the compounds listed in the following Table prepared 
as described above were boiled for 60 min in 1 1 water, to which 17.2 g of the 
above dry soup base had been added. A stream of nitrogen was swept over the sur- 
face of the boiling mixture and led through two traps cooled at — 30°C and — 196°C 
respectively. 5 

The formation of thiol was demonstrated by subjecting the contents of the second 
trap to gas chromatography on a 3 metresX2 millimetres (internal diameter) glass 
column packed with 10% polyethylene glycol of molecular weight 20,000 on 80 — 
10 mesh acid-washed silanised diatomaceous earth in a Hewlett Packard 5750 instru- 
ment. The compounds were identified by comparison of their retention times with those 10 
of model compounds and/or collecting the effluent and by subjection to mass spectro- 
metry. 

Example Thiocarbonate formation of thiol* 

1 O-isopropyl S-l-methylthioethyl) + 

2 0-tert,-butyl S-(l -methyl- 15 

thioethyl) 

3 0-2<2-methylpentyl) S<1- 

memylmioethyl) + + + 

4 O-tert-butyl S-(l-etbyl- 

thioethyl) 20 

5 O-tert-butyl S-l-butyl + 

6 0-2(2-methylpentyl) S-l-butyl + + 

7 0-3(3-methylpentyl) S-l-butyl + + 

8 O-tert-butyl S-2-butyl + 

9 O-tert-butyl S-furfuryl + + 25 

10 O-tert-butyl S-l-(3-hydroxypropyl) + 

11 O-tert-butyl S-phenyl + + 

12 O-tert-butyl S-3-(2-methyl- 

tetrahydrofuryl) 4- + 

13 O-tert-butyl S-3-(2 3 5-dimethyl- 30 

4,5-dihydrofuryl) + 

14 O-tert-butyl S-3-(2 3 5-dimethyl- 

furyi) + 



a + + + =good, 4-+= distinct, +=shght 

EXAMPLE 15 . 35 

A dry meat and vermicelli soup mixture was prepared from the following ingre- 
dients : 

grams 

dried beef 40 

beef fat 50 40 

vermicelli 200 
chopped dried carrots 25 
dried onions 30 
dried leek 2 

monosodium glutamate 10 45 

casein hydrolysate 20 
milk powder 10 
herbs and spices 4,6 

60 
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TaOI (( „ EXAMPLE 18 



10 



15 



20 



25 



litre Sr.*" ^ can be W«d by boiling 30 g with 0.5 

0.25 g todStt°7 as X^30 C 'd-? °- ^^^-ethiol dissolved in 
5 0.25 g hardened fat was added S ' * J a " d w anCther 30 * only 

During uTbX S^tr^ ^ 1 W r f ° r 7 «*• 

the soup containing l-mathvlthioethare SL s ™^> ovetpowenng smell evolved from 
jccted to a triangles S 5 ou ? ™\ P 1 " b ° lhn & the ™<> soups were sub. 
10 the two samplesr Addition of I c £ ^ ? eomcl dl '^tion between 

conse g uenU y P do CS „^Sri b ute o the a on a of LtuS.,^ ^ 
events were done to indicate ^^^^t^V^ 

0.25 g hardened fat? to aether Lri2, f yl ?™ thyl) thloca rf>°nate dissolved in 
added Soup was preoared f™ w£ °?' y ^ C L ame amount of hardened fat was 
iccted to a P tr aire by r?ra3 S7A Wlilg hl 7 mm > the * were s « b! 
could distinguish between both anTpfcs *In t h JlS™™' ° f Wh ° m 17 <P=<W»D 
boiling for 7 min was added [ n rial ™ i the . s ^? d fxpenment, to one portion after 
fat. It was Wtid aSto^ 0 ^^^^ 1 "^! dissolved in hardened 
persons could distinguish ^\Tl^S~oZv * P&nd ° f 17 

^^d£Sffi£j£fg%?^ °:T b ^ S-d-methylthioethvl) 
7 min, to a second ronton oSm ™L 7 add f d> - wh,ch P OIt ' on was boiled for 
amcui of hXfd fot S^s^S^™^ °' ?«oIved in thelLS 
boiled for 7 min. In a ^^^bv^. 1 ^ £ ^ , mistms had ^ 
could distinguish between "he sSpH ° e tra ' ned paneI of 24 P srsons . «ty 10 

lent quantity of the thfol aJ^U^W^ U * ° f ^ 30 

Tn * m „,i,i • EXAMPLE 16 

was Idd^a'bK thiocarbonate 
at 118°C for 1 hour. After the crenlnV^L 'if ^ W3S Sealcd ^ st « iK * d 
shown to be still present by subK^he c,n,?£ ester could he 35 

under diminished pressure and tr?S * e S °- th ° 0311 . t0 steam distillation 
boiling the sterilised sour* fnr *n £ P g ? voIa ,,es 111 a vessel at -196°C. After 

To • EXAMPLE 17 

45 S.A. SfctaiS"^^^ a r^ Ster l d Trade Marf = - ex Nestle 

medium-chain length SgiSfcS S^tT d, ' SS ? Ved in 0001 ml « 

£>. powder without add-on b/io'out rT^t^^ffSS 

of the strong, repellent Lell ^ wdcr Was ^^mously rejected, because 50 

*J£« S^^SZSg*^ thi0carfc ^ was 

m the same manner. Of 11 tasters S vie f£j^£T? Y lthout addilion 

55 the untreated instant coffee,^ haTno pfefcLce Wi * ^ 1 preferred 
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chunks (size SX2 mm) were obtained. Of each variety 5 g chunks were rehydrated in 
50 ml boiling water containing 350 mg salt and 100 mg monosodium glutamate dur- 
ing 15 minutes. 

A panel of 11 tasters could not distinguish between the first and third variety, 
o whereas the second variety containing the thiocarbonate was preferred by all tasters 
because of its meat-like flavour, due to 1-methylthioethane thiol generated durinp 
rehydration in boiling water. 
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Ri — s — CO — O — R* 



iiV^SLrf 1 ^ 61 ¥ °P tionall y substimted alkyl, homo- or heterocyclic radical 

oSn W , lT 10 car ^° atoms «« ™* than two hetero atoms chosen among 
oxygen ana suiDhur. nnd R- renr^nte o „. * «..• , , , , h 

containing 3-20 carbon atoms P " ^ ' w ^ ufuCarD ^ S rcu P 



20 



EXAMPLE 19 

A veal ragout was prepared from the following ingredients: 

chopped veal 400 gram 10 

mushrooms 80 gram 

rice flour 140 gram 

vegetable fat 80 gram 

herbs and spices 4.7 gram. 

saIt 12 gram 15 

monosodium glutamate 6 gram 

The ragout was distributed over 3 cans of 200 ml. To the contents of the first 
can 1 mg O-t-butyl S~(3-(2-methyltetrahydrofuryl)) thiocarbonate was added. The 
cans were sealed and sterilised at 12<PC for 1 hour. After a week the cans were opened 
and 02 mg of 2-methylt£trahydrofuryl-3-thiol was added to the contents of the second 
c ? I V he . co ? terits <> f *e three cans were then heated and ranked by a panel consisting 
ot 7 trained tasters The flavour of the contents of the first can was unanimously 
judged to resemble the flavour of the second can, whereas the ragout of the third can 
containing no extra addition, lacked a roast meat-like top note. The precursor added 
before sterilisation thus gives the same flavour impression as the thiol added as such 25 
immediately before consumption. 

1 1 , , , . EXAMPLE 20 

«,ith \H def f tCd S0 7^ uff W" (« Central Soya, Chicago, 111. U.S.A.) was mixed 
with 10 1 water containing 0.1% sodium sulphite. The insoluble carbohydrates were 
removed by centnfugation. The supernatant liquid was then adjusted to pH 4 6- 30 
4.9 by addition of hydrochloric acid. The precipitate was collected by centrifugation 
12 o a w W / T -r efe c2 ded Un . td a flllal eventration «* 30% protein (w/w) and 
^tJ^C"^ To a 50 g portion of this solution 0.25 mg O-tert-butyl S-(lVethyl- 
SfSfriS^ ^^ te f TO After thorough mixing a dialysis tube was filled 

w *™ VZl d ° Sed at b0th ends w{th a 50 S of P^n solution 35 

witliout further addmon was treated similarly. Both sausages obtained in this way 
were gehfied in boiling water for 30 minutes. The skin was then peeled off and the 
heat-set protein was cut into lumps of about 1 g each. 

40 ^J??. 1 ^ COnminin S H le Carbonate and the unfavoured lumps were 

separately added to two equivalent soup bases prepared by addition of 200 ml water 40 

*Jlised at SofcTa ?e f C 5T plc l ~ U i B0t ^ S0UPS Were cmnfid and heat 
sterilised at 120 C for 60 minutes. After storage for a few days the cans were heated 

SS^ m 20 mmUteS - ThC ^ WCrC ° Pened 3nd Ae niesophase lu^ps we 

45 trnocSLT^ 0 ^ P ^ CC SL SiSting °1 1 ^ SteTS Preferred ^ Ium P s to whid > the 45 
thiocarbonate had been added, because of their more attractive meat-like flavour. 

WHAT WE CLAIM IS: — 

2 ; ^ f°? dst ^ comprising an effective amount of a diester of monothiocarbonic 
50 £*FS^ ° f * *** a « tertiary 

has ^JSlS^S^ * ^ h ™ WhiCh ^ ° f ^^ocarbonic acid 
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3. A foodstuff according to Claim 1 or 2, in which R l contains one hetero atom 
chosen among cxygen and sulphur. 

4. A foodstuff according to any of the Claims 1—3, in which R 1 contains 3—7 
carbon atoms. 

5 5. A foodstuff according to any of the Claims 1—4, in which R 1 shows a five- 

membered heterocyclic structure chosen among the formulae 



10 



2 

r^\,-.n, fiT-cf^C-t-t ^-A,,-^ 
Y=c~ch~ yJc-l- 



•z 

« 3 - C C -V'r 

II II 

CH— C— 



R— S— CH— 

i 
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in which Z is an oxygen or sulphur atom, Y represents two hydrogen atoms, an 

S ca°rboP ?tonis ,0m ^ R ' TO hydr ° gen w 3 lower alkyl ^ mn ^g i0 

e ra J'£ tl?^ . accordin § to any of the Claims 1—5, in which R 1 represents a 
group or the following structure 



15 in which R= and R<= represent an nlkyl group containing 1-2 carbon atoms. 15 
» n ,Li foodstu ,? according to any of the Claims 1—5, in which R* represents 
an alkyl group which contains 3—8 carbon atoms. f^<=u« 
S. A foodstuff according to Claim 7, in which R* represents a tertiary alkvl 
group attached with the tertiary carbon atom to the oxygen atom. * ' 

n* ra ■ foodstu ? ? r - co fding to any of the Claims 1—8, in which the quantity of di- 20 
wdght mC ° rPC m f00d5tuff ""Sa between IX 10- and lxV» parte by 
h,-«J 0 "- A foodstuff according to any of the Claims 1—9, in which the quantity of 

25 Wright lnCCrp ° r?ted m foodstuff ra «ges between 1x10- and 1X10" J prts by 

inc«r™;d r i f0 t d5t ^ ff - aCC f- rdin? - t ? any of - the P rccedi "K claims, in which the diester is 
Ja con)m< *°" ^ an amine acid or peptide; a nucleotide a; mono- 
carboxylic acid and pyrrolidone carboxylic acid. 

nn ^;« f i 2 ' * A Pf0< ?? S f °,T '"P^'PS the fl avour of foodstuffs, characterized in that a 
^ a monothiocarbomc acid containing radicals characteristic of a flavouring th ol, 
stuT M tert,ary Snd monotfa£ocarb °<»'c acid is incorporated in thi foad- 

acid teVge^rar^ " ^ * *° ^ ° f -Carbon- 



25 



30 



35 



35 R 1 — S — CO — O — R 2 

in which R\ represents an optionally substituted alkvl, homo, or heterocyclic radical 
which contams 1-10 carbon atoms and not more than two hrtSTSSms cho2 
among oxygen and sulphur, and R- represents a secondary or tertiary Mrc<aXi 
group containing 3—20 carbon atoms. y «yarocaroji 

40 14. A process according to Claim 13, in which R l contains one hetero atom m 

chosen among oxygen and sulphur. tef0 atom 40 

atomJ 5 * A Pr0C ° SS acCordins to C,aim 13 or 1* in which Rt contains 3-7 carbon 

16 A process according to Claim 13 in which R ! shows a frve-membered hetero- 
45 cyclic structure chosen among the formulae "wuwreu neiero- 



WEST 



13 



1,379,019 



13 



fi s -CH at 



r A A 

I .11 



2 

It 1 



ft 3 - C C -ft* 

II I] 

CH— C — 

in which Z is an oxygen or sulphur atom, Y represents two hydrogen atoms* an 
oxygen or sulphur atom and R a and R 1 are hydrogen or a lower alkyl group contain- 
5 ing 1 — 4- carbon atoms. 5 
17. A process according to Claim 13, in which R 1 represents a group of the fol- 
lowing structure 

R 5 — S — CH — 

I 

R° 

in which R" and R G represent an alkyl group containing 1 — 2 carbon atoms. 
10 18. A process according to Claim 13, in which R 2 represents an alkyl group 10 

which contains 3 — 8 carbon atoms, 

19. A process according to Claim 18, in which R 3 represents a tertiary alkyl 
group attached with the tertiary carbon atom to the oxygen atom. 

20. A process according to any of the Claims 12 — 19, in which the quantity of 

15 diester incorporated in the foodstuff ranges between lxl0~ 3 and 1X10 -9 parts by 15 
weight. 

21. A process according to any of the Claims 12 — 20, in which the quantity of 
diester incorporated in the foodstuff ranges between: lXlO" 1 and lxl0" r parts by 
weight. 

20 22. A process according to any of the preceding claims, in which the diester is 20 

incorporated in conjunction with an amino acid or peptide; a nucleotide, a mono- 
carboxylic acid and pyrrolidone carboxylic acid. 

23. A foodstuff substantially as described herein with reference to the Examples. 

D, A. RORBINS, 
Chartered Patent Agent. 
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